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1 Each oxygen has four hydrogen neighbours: two linked by covalent bonds which make up the H 2 O molecule and two weaker intermolecular hydrogen bonds from neighbouring H 2 O molecules. As such, each hydrogen is linked to two oxygen: one via a covalent bond and another via a hydrogen bond.
These are known as the 'ice rules'. 2 From a different perspective, all the oxygen atoms can be thought to be comprised of an arrangement of tetrahedra with four hydrogen atoms residing inside. Since the position of the hydrogen proton rests closer to the covalently bonded oxygen, six different positional configurations exist inside each H 4 O 2 tetrahedron ( Fig.   1 ). In the ice Ih phase, the proton configuration inside each oxygen tetrahedron is random; while at low temperature, the proton configurations are expected to become globally ordered near 72 K to form a 'proton ordered' state. The problem however, is that localized proton hopping is limited at low temperatures which restricts proton mobility starting from about below T g =136 K. 3 The freezing of such randomness of the covalent and hydrogen bonds is the reason why a residual entropy exists at absolute zero.
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The ground state of one of the most abundant solids in the universe remains inaccessible in laboratories because its full natural formation can take up to 100,000 years.
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To speed up the formation process of proton ordered ice, doping Pressure was applied by a beryllium copper double piston clamp cell.
Variation of temperature was enabled by a customized gas exchange cryostat. The real ε'(T) and imaginary parts ε''(T) of the dielectric constant were obtained by measuring the capacitance and loss tangent, (Fig. 2(B) ). Fig. 2(C) GPa. Two runs were performed at 0.03 GPa. The magnitude of ε''(T) for the second run between 76<T<132 K was higher than the first run. This can be explained by results obtained from a neutron powder diffraction study 13 claiming that a small portion of the proton ordered domains is retained in the ice Ih phase when warming from ice XI. Above 0.07 GPa, both T XI-Ih and T Ih-XI as well as the maximum near 100 K and minimum at 124 K were no longer present indicating the collapse of the ice XI phase and its associated proton dynamics beyond this pressure. In quenched disordered systems which usually involve the cooling of a system that possesses defects or impurities, large regions of hysteresis occur at low temperature. 14 Kinetic broadening of a peak anomaly also occurs if a first order phase transition exists. In the current case, the protons are frozen-in in a disordered fashion so ice can also be considered to be a quenched disordered system. From such, we conjecture that the maximum in ε''(T) near 100 K is a broadened first order phase transition 
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